Background: Terminally ill patients are at high risk of pressure ulcers, which have a negative impact on quality of life. Data about pressure ulcers' prevalence, incidence and associated factors are largely insufficient. Aim: To document the point prevalence at admission and the cumulative incidence of pressure ulcers in terminally ill patients admitted to an Italian home palliative care unit, and to analyse the patients' and caregivers' characteristics associated with their occurrence. Design: Retrospective chart review. Setting/participants: Patients (n = 574) with a life expectancy ⩽6 months admitted to a palliative home care service were included in this study. Results: The prevalence and incidence rates were 13.1% and 13.0%, respectively. The logistic regression models showed body mass index (p < 0.001), Braden score at risk (p < 0.001), Karnofsky Performance Scale index <30 (p < 0.001), patients' female gender, patients' age >70 and >1 caregiver at home as the dichotomous variables predictors of presenting with a pressure ulcer at time of admission and during home palliative care. Conclusion: The notable pressure ulcers' incidence and prevalence rates suggest the need to include this issue among the main outcomes to pursue during home palliative care. The accuracy of body mass index, Braden Scale and Karnofsky Performance Scale in predicting the pressure ulcers risk is confirmed. Therefore, they appear as essential tools, in combination with nurses' clinical judgment, for a structured approach to pressure ulcers prevention. Further research is needed to explore the home caregivers' characteristics and attitudes associated with the occurrence of pressure ulcers and the relations between their strategies for pressure ulcer prevention and gender-related patient's needs.
What this paper adds?
• • The body mass index score, the Braden score and the Karnofsky Performance Scale index were the most powerful predictors of pressure ulcers in home palliative care. • • Being a female patient was a predictor of pressure ulcer presence both at the time of admission to home palliative care and during home palliative care stay. • • The patient/caregiver dyad, in which the only home caregiver was the spouse, was found to be the more efficient family composition to avoid the occurrence of a pressure ulcer in home palliative care.
Implications for practice, theory or policy • • The notable incidence and prevalence rates of pressure ulcers in home palliative care suggest the need to maintain a careful attention aimed at their appropriate prevention and management. • • Nurses should consider the adoption of educational strategies differently tailored for female and male home caregivers.
Introduction
Patients under palliative care number approximately 40-300 million worldwide. 1, 2 Patients with advanced illnesses, suffering from incurable diseases with life expectancy shorter than 6 months, 3 are the population cohort with the highest presence of all wound classes. [3] [4] [5] In particular, palliative care patients exhibit the highest prevalence of pressure ulcers 2,6-8 as a result of limited mobility and alterations in tissue perfusion due to antalgic posture, dyspnoea, oedema, anorexia-cachexia syndrome and impaired sensory perception related to analgesia. 2, 7, [9] [10] [11] [12] [13] [14] Wound experts broadly agree that some pressure ulcers are unavoidable at the end of life, regardless of the preventive strategies implemented. 4, [14] [15] [16] The negative impact of pressure ulcers on the quality of life of patients with advanced illnesses represents an exacerbation of an already complex situation. 6, 10 Patients with pressure ulcers experience pain as an ever-present burden, wound odour that hinders appetite, sleep disturbances, inability to assume a comfortable position, physical impairment, isolation and a variety of emotional problems. 13, [17] [18] [19] [20] Palliative care teams face the challenging goal to find a balance between promoting the patient's dignity and comfort and wound prevention, or if a pressure ulcer is present, its healing or avoiding further deterioration. 2, 7, 10, 13, 21 Caregivers are considered part of the home palliative care team and play a pivotal role in guaranteeing the continuity of care. 22 An important responsibility of home palliative care nurses is to provide caregivers with adequate education and support to care for patients, 23 involving them in all care decisions from prevention strategies for pressure ulcers 9, 24 to realistic treatments and goals. 7, 10 Because caregivers play a crucial role in patient outcomes, 25, 26 identifying the factors related to caregivers and those associated with pressure ulcers can enable effective prevention and treatment. Furthermore, although terminally ill patients are at high risk of pressure ulcers, 3, 27 little evidence exists on their prevalence and incidence in palliative care settings. 3, 21 In particular, the prevalence in hospices varies between 13.0% and 47.0%. 4, 5, [28] [29] [30] Only a few studies have focused on pressure ulcers in the home palliative care setting. The only prevalence and incidence prospective study 3 found a prevalence rate of 22.4% among cancer patients and 71.3% (all stages) in non-cancer patients. In addition, the incidence rate (all stages) was 22.4 per month per 100 cancer patients and 50.8 per month per 100 non-cancer patients.
The factors associated with pressure ulcers among home palliative care patients were gender, inability to lie flat, catheter or ostomy care and poor ability to perform activities of daily living. 26 
Aim
The primary aim of this study was to document the point prevalence at admission and the cumulative incidence of pressure ulcers in patients with advanced illnesses admitted to an Italian home palliative care service. The secondary aim was to analyse the factors associated with patients' and caregivers' characteristics in terms of the occurrence of pressure ulcers, both at the time of admission and during the home palliative care stay.
Methods

Study design
A retrospective chart review was conducted. The research report was written according to strengthening the reporting of observational studies in epidemiology (STROBE) recommendations. 31 
Setting
The study was conducted in the households of individuals cared for by a multidisciplinary team, which included nurses, physicians, psychologists and nurse assistants, of the Palliative Care Network in Veneto, a north-eastern region of Italy. The palliative care team provides home services to patients with: (1) a score on the Karnofsky Performance Scale (KPS) Index 32 < 50%, (2) an adequate physical environment (dedicated space for an equipped hospital bed, warm running water and clean work surfaces) and (3) the presence of one or more caregivers able to ensure the continuity of home care.
The interdisciplinary team members considered the patient and caregiver(s) as a unit with whom they shared all steps of the care process, from the assessment and the interventions to be implemented to the setting of common goals. 13 The nurses, from the first home visit, gradually educated the home caregivers about strategies for pressure ulcer prevention and management as recommended by globally accepted guidelines. 33 Nurses also performed the required care activities (particularly skin assessment, re-positioning and dressing) along with the home caregivers to train them.
To ensure an individualised care plan for the management of pressure ulcers, each nurse conducted a comprehensive risk assessment for nominally assigned patients 9 at every home access. Throughout the home palliative care pathway, from admission to discharge/death, the frequency of home visits varied with the patient's clinical condition and the caregiver's needs, 13, 34 from a minimum of once a week to several daily visits.
Participants and sample size
The clinical electronic records of all patients admitted to the home palliative care service from September 2012 to December 2016 were considered. The research team included the records of home palliative care patients with advanced illnesses and a life expectancy ≤6 months. 3 Those in 'simultaneous care', that is, receiving home palliative care and curative treatments at the same time, 35 were excluded. Given the exploratory nature of the study and the scarcity of similar data, the sample size was not calculated.
End-point and other variables
The end-points of the study were point prevalence at admission (%) and cumulative incidence (%) of pressure ulcers ( Figure 1 ), defined according to Baharestani et al. 36 The participants' characteristics retrieved at the time of admission were gender, age, body mass index (BMI), 37 KPS index, Braden Scale score 38 and presence of pressure ulcers. In the worldwide palliative care setting, the most commonly used measure of performance status is the Palliative Performance Scale (PPSv2). There is good correlation between PPSv2 and KPS index, which can be used interchangeably. 39 Length of stay (days from admission to home palliative care to discharge/death); patients' cause of discharge from service (death vs transfer); pressure ulcer stage (from I to IV), according to the National Pressure Ulcer Advisory Panel (NPUAP); 33 and anatomical site were also documented. The caregiver data included number of caregivers, role and gender of the main caregiver.
Bias
To minimise selection bias, the clinical charts of all patients who met the inclusion criteria were reviewed. Information bias 40 was limited by the home palliative care professionals' participation in an update event for experts concerning (1) correct completion of the Braden Scale for pressure ulcer risk assessment 41 and (2) early identification and homogeneous pressure ulcer staging according to the NPUAP classification. 33 Furthermore, data collection took place for all patients using the same instruments and procedures. To avoid detection bias, pressure ulcer staging was conducted independently by at least two staff members.
Data analysis
The normality of the distribution of continuous variables was preliminarily tested with the Kolmogorov-Smirnov test. To examine patient and pressure ulcer variables, descriptive statistics and 95% confidence intervals (95% CI) were calculated. The risk of having a pressure ulcer was expressed as an odds ratio (OR). The OR was estimated by logistic Point Prevalence at admission (%) _ No. of patients with a pressure ulcer of any stage at admission x 100 Total no.of patients in the population studied at admission during a specified period Cumulative Incidence (%) _ No. of patients developing a pressure ulcer of any stage during a specified time period x 100 Total no. of patients in the population studied over a specified period Figure 1 . Definitions of point prevalence at admission and cumulative incidence. 36 regressions performed first in univariate models and then in multivariate models based on the model-building strategy described by Hosmer and Lemeshow. 42 In particular, variables with p < 0.25 at the univariate analysis, along with all clinically important variables, were included in the multivariate analysis, which began with all selected variables. The Hosmer-Lemeshow test was used based on its capability to estimate how well the model fits the data. Statistical significance was set at p ⩽ 0.05. SPSS software (IBM, Armonk, NY, USA) version 22 was used for data analysis.
Only patients without pressure ulcers at admission (n = 499) were included both in the analysis of cumulative incidence and in the multivariate regression model built to identify the predictive factors of developing a pressure ulcer during home palliative care.
Ethical issues
The study was approved by the General Director of Local Health Unit (Deliberation No. 1005/2015). The patients or their family caregivers provided verbal consent to have their clinical data anonymously registered in a customised Microsoft Corporation™ Access database for research purposes. The anonymity of data was guaranteed through the use of fully de-identified database records.
Results
Participants
Out of 629 eligible patients, data were collected from 574 patients (91.3%) who met the inclusion criteria. Participants were predominantly male (327, 57.0%), with a mean age of 72.1 ± 12.9 years and an average KPS index of 31.5 ± 6.8. At the time of the first home visit, 326 patients (56.8%) were at risk of developing a pressure ulcer according to the Braden score and 42 (7.3%) were obese or severely thin on the basis of the BMI score.
The majority of patients (379, 65.9%) were cared for in their home by a single caregiver, who was mainly the spouse (326, 56.8%) and female (438, 76.3%). Almost half of the patients (281, 49.0%) could be cared for at home until their death for an average of 44.3 ± 42.5 days, while the average time in home palliative care for those who were transferred and died elsewhere was 41.3 ± 43.9 days (Table 1) .
Point prevalence at admission, cumulative incidence, pressure ulcer characteristics and course
During the study period, a total of 140 patients had a pressure ulcer (24.4%), 65 of whom developed it during the home palliative care (cumulative incidence = 13.0%; Table  2 ). At the time of the first home visit, 75 patients (Table 3) had a previously developed pressure ulcer (point prevalence at admission = 13.1%). The most frequent pressure ulcer stage was II (71, 50.7%), while the most common anatomical site was the sacrum/coccyx (102, 72.9%). Among the 43 patients who developed new pressure ulcers and died at home, 15 (34.9%) developed them in their last week of life and none healed.
Predictive power of participants' and caregivers' characteristics over pressure ulcer presence
In the first univariate logistic regression model (Table  4) , all dichotomous variables, except one (gender of the main caregiver), showed statistical significance. In the multivariate model, BMI score, KPS index, patients' age and gender, and number of home caregivers exhibited a significant OR. Being obese or severely thin (OR = 5.069, p < 0.001), having a KPS < 30 (OR = 3.285, p < 0.001), being female (OR = 2.055, p = 0.006), being older than 70 years (OR = 1.643, p = 0.035) and the presence of more than one home caregiver (OR = 1.599, p = 0.028) were predictive factors of presenting with a pressure ulcer at the time of admission to home palliative care, controlling for the other variables. Although the caregiver role showed a significant association in the univariate model, this was not confirmed in the multivariate model. KPS index, BMI and Braden scores, patients' gender and the number of home caregivers achieved statistical significance in the second univariate logistic regression model (Table 5 ). In the multivariate model, being obese or severely thin (OR = 3.764, p = 0.004), KPS < 30 (OR = 2.198, p = 0.016), being female (OR = 2.169, p = 0.034) and the presence of more than one home caregiver (OR = 2.130, p = 0.007) emerged as significant predictors of a pressure ulcer during home palliative care stay, holding the other variables constant.
Discussion
This study represents one of the few attempts to describe pressure ulcers in the home palliative care setting. The sample size was similar to that reported by the only available prospective study conducted on palliative care. 3 In line with international trends, the patients included were mainly male with a mean age >70 years. 4, 29, 43, 44 The low KPS index in this study (30%), in accordance with previous research conducted in Italy, 29, 45 was mostly determined by the Italian palliative care services' access criteria (KPS < 50%). At the time of admission, our home palliative care patients were thus dependent on personal care, with poor performance status and a high risk of developing pressure ulcers, as documented in other palliative care studies. 3, 43, 44 Our findings are in line with the homecare literature and confirm the two typical family compositions at patients' homes. The first, which included nearly twothirds of the cases, is configured as a patient/caregiver dyad, 34, 46 whereby there is a unique caregiver, usually the spouse and mainly female. The second includes more family carers, defined as 'people with close social and emotional bonds and not just those related by kinship or marriage', 47 constituting a family/community network 48, 49 who contribute substantially to the continuity of care at home. 22 Although the majority of pressure ulcers were identified during the first home visit, confirming the poor clinical and functional conditions of the enrolled patients, 50 the point prevalence at admission (13.1%) was lower than that found in the prospective study by Maida et al. 3 The cumulative incidence rate of 13.0% was close to the lower values in the range (from 6.7% to 30.7%) provided by studies conducted in palliative care. 3, 5, [28] [29] [30] In this study, the pressure ulcers were only classified as stages I-IV as data were collected prior to current international guidelines. Therefore, the pressure ulcers currently defined as 'unclassified/unstageable' and 'deep tissue injury' were staged as IV. 33 The great majority of pressure ulcers were diagnosed at stages II (50.7%) and I (40.7%), consistent with the most significant studies in home palliative care. 3, 26 Patients with a pressure ulcer upon admission to home palliative care were older, cachectic or obese (iatrogenic causes), at risk of pressure ulcer and with a worse performance status, in line with the available literature. 5, 9, 10, 26, 29 Although, in the univariate versions of both logistic regression models, the Braden score was statistically significant, a close correlation emerged between this factor and the KPS index, confirming the findings of Maida et al. 51 Therefore, the Braden score was excluded from the multivariate analysis in favour of the KPS index, which proved to be the more powerful predictor. The BMI score and the KPS index were confirmed as the factors with the strongest predictive power for the occurrence of a new pressure ulcer during home palliative care stay, consistently reflecting the inevitable progressive worsening of the patients' general health conditions.
The new results emerging from the logistic regression models, not heretofore confirmed by previous palliative care studies, 26, 29, 43 showed patients' female gender and more family carers at home to be predictors of pressure ulcer presence in home palliative care. Although female patients exhibited better performance status and a lower risk of pressure ulcer compared to male patients at the time of admission, they showed an increased likelihood of developing a pressure ulcer throughout home palliative care. Moreover, the probability of avoiding a new pressure ulcer was significantly associated with the patient/caregiver dyad in which the only home caregiver was usually the spouse. The caregivers in these dyads, who assumed the entire responsibility for the continuity of care, were found to be the most effective in the coordination and management of homecare activities over time. 22 In the case of male patients, their only home caregiver was a female in 93% of cases, while this proportion dropped to 51% in reference to female patients. Although the caregivers' gender showed no statistically significant association with the presence of pressure ulcers in this study, literature shows that female caregivers demonstrate better homecare competencies and coping with the caregiver role. [52] [53] [54] This may reasonably suggest that the high proportion of female caregivers in this study may have had -even if only indirectly -a protective effect for male patients.
Strengths and weaknesses
The retrospective design of this study is subject to greater potential error and data underestimation than prospective studies, which use study-specific data collection systems. 36, 55 Moreover, although the palliative care professionals were trained in electronic recording, potential problems related to data quality and completeness should be considered. Furthermore, the adoption of a convenience sample derived from a single home palliative care service means that caution is needed in generalising the results to other contexts. With regard to the high number of stage I pressure ulcers detected, Nixon et al. 56 revealed that even expert nurses exhibit important disagreements in their diagnosis. Although pressure ulcer staging was undertaken by at least two nurses, the possibility that this factor contributed to flaws in results, especially with regard to prevalence/incidence, cannot be ignored. In addition, despite the education provided to caregivers, in cases where the frequency of home accesses was less than daily, there was a risk of not detecting all the injuries in a timely manner.
Further research
Considering the specific features of the home palliative care setting, our data strongly confirm the crucial role that caregivers play in attaining shared patients' outcomes. 25, 26 There is a need for rigorous qualitative studies that further explore the potential association between home caregivers' characteristics and attitudes and the occurrence of pressure ulcers. This will also help to better understand their needs and to organise the best possible support.
The increased likelihood of female patients developing a pressure ulcer suggests that further prospective and multicentre research should focus on the relationships between pressure ulcer preventive care activities provided by caregivers and gender-related patient needs.
Implications for practice
Home-based family carers require information and support to provide care activities. 57 However, this often remains only partially fulfilled. Results from this study suggest the need for early activation of home palliative care to provide nurses with adequate time to support and train caregivers in their complex role; this has proven crucial in achieving the best results for the patient. To fulfil this task, home palliative care nurses should consider adopting different educational strategies with female and male home caregivers and tailoring the education to build an appropriate basis for their decision-making process.
Conclusion
This study allowed for describing the presence of pressure ulcers and associated factors in a home palliative care setting. The results of the logistic regression models found the BMI and Braden score and the KPS index as the most powerful predictors of pressure ulcers. This confirmed the crucial utility of these assessment tools, in combination with the nurses' clinical judgment, for a structured approach to pressure ulcer management throughout the patient's illness trajectory.
The patient's female gender, in conjunction with the presence of more than one home referent caregiver, was a factor positively associated with the occurrence of a pressure ulcer during home palliative care. In addition, the role and number of caregivers were associated with the presence of a pressure ulcer. These results enable home palliative care nurses to tailor their support and information interventions for family caregivers.
Despite home palliative care requiring ongoing management of several important clinical problems, the notable prevalence and incidence rates of pressure ulcers reported in this study suggest the need to include this care issue among the main outcomes to pursue during home palliative care, while directing increased attention to more effective pressure ulcer prevention and management.
